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Objective: To determine the absent side of a single umbilical artery (SUA) and to evaluate whether
associated anomalies are related to the side of the missing artery in a Taiwanese population.
Materials and methods: We retrospectively studied SUA fetuses from our computer database of fetal ul-
trasound in a tertiarymedical center in Southern Taiwan. All cases were diagnosed as SUA prenatally using
conventional scanners of two- and three-dimensional (2D and3D, respectively) ultrasound, aswell as color,
power, and high-deﬁnition Doppler. The absent side of UA and associated anomalies were analyzed.
Results: From September 2006 to November 2011, 31 fetuses with SUA were diagnosed prenatally by
ultrasound and all were enrolled for this series. The incidence was estimated to be 1:556 (0.18% ¼ 31/
17,086). The mean maternal age was 29.2 years (range, 15e36 years) and the mean fetal age was 30.0
weeks of gestation (range 18e36 weeks). Notably, the left-absent UAwas detected in 16/31 (52%) fetuses,
compared with the right-absent UA in 15/31 (48%) cases. In addition, congenital anomalies were noted
prenatally in 2/16 (13%) fetuses with left-absent UA and in 3/15 (20%) fetuses with right-absent UA.
Conclusion: In SUA fetuses, the absence of UA appears to occur equally at each side. Moreover, this study
showed no signiﬁcant difference between either side of missing UA and associated anomalies after
statistical examination.
Copyright © 2014, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
Single umbilical artery (SUA) is one of the most common
congenital malformations. Prenatal diagnosis of SUA is mandatory.
According to previous reports, the incidence of SUAwas in the range
from 1:500 (0.2%) to 1:50 (2.0%) [1e11]. Twins are affected three to
four times more frequently than singletons [8]. With the recent
advent of color, power, and high-deﬁnition (HD) Doppler ultra-
sound, the umbilical cord blood ﬂow imaging makes the identiﬁ-
cation of which side of UA is missing much easier than ever before.
Previous studies showed that left UA was absent more frequently
than right UA [9e11]. However, no reports investigated which side
of the UA is absent more frequently in Taiwanese fetuses.
Of interest, increased risk of congenital anomalies in SUA was
postulated previously [9,11]. To date, most literature surveyed thes and Gynecology, National
inan 70428, Taiwan.
ang).
bstetrics & Gynecology. Publishedassociated structural defects and aneuploidy in fetuses with SUA
[8,11,12]. Nevertheless, only a few studies discussed the side of
missing UA and its relation to associated abnormalities [9e13]. In
this series, we attempted to investigate two areas in this regard:
First, we evaluated the incidence of right/left side of the missing UA
in Taiwanese fetuses and tested which side is predominant. Second,
we tried to determine whether associated anomalies diagnosed
prenatally are related to the side of missing UA.
Materials and methods
Participants
In this series, we retrospectively reviewed the cases of SUA
between September 1, 2006, and November 30, 2011, in our com-
puter database of fetal ultrasound. All SUA cases were diagnosed in
utero using conventional scanners of two- and three-dimensional
(2D and 3D, respectively), high-resolution, real-time ultrasound,
as well as color, power, and HD Doppler (GE Voluson 730-Expert,by Elsevier Taiwan LLC. All rights reserved.
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AlokaSSD-680, Tokyo, Japan, respectively). The study was approved
by the Institutional Review Board (IRB), National Cheng Kung
University Hospital, Tainan, Taiwan (IRB number: ER-99-011). The
ﬂowchart of this SUA series is summarized in Fig. 1.
Ultrasound examination
First, the SUAwas determined by visualizing only two vessels (1
artery and 1 vein) within the umbilical cord at the cross-sectional
and longitudinal views of 2D and/or 3D ultrasound (Fig. 2). Sec-
ond, color, power, and HD Doppler ultrasound scanners were used
to conﬁrm SUA (Fig. 3). Third, to determine which side of UA is
missing, color, power, and HD Doppler ultrasound scanners were
further used to depict UA at either side of the fetal bladder (peri-
vesical view) and in continuitywith cord insertion to fetal abdomen
(Fig. 4). Besides, HD Doppler is a bidirectional power Doppler
technique that delivers HD axial resolution and has increased
sensitivity for imaging small vessels. In addition, HD Doppler re-
duces spatial overlap of tissue signals by application of small
sample volumes and provides optimal clutter elimination with
adaptivewall ﬁltering. In other words, themissing side of UA can be
clearly visualized and determined by perivesical view using color
Doppler (Fig. 4) as well as power and HD Doppler. In addition, all
fetuses with SUA underwent a detailed examination by systemic
level II ultrasound to identify any associated anomalies.
Statistics
We used ManneWhitney test (nonparametric independent
two-group comparisons) to examine which missing side of UA is
predominant and whether associated anomalies diagnosed pre-
natally are related to the side of missing UA. A p value < 0.05 was
considered statistically signiﬁcant.
Results
As listed in Table 1 and Fig. 1, 31 fetuses with SUAwere recruited
for analysis. At the same period, 17,086 cases with 17,848Fig. 1. Flowchart of this single umbilical artery (SUA) study.examinations were recorded in our computer database. Hence, the
incidence of SUA was estimated to be 1:556 (0.18% ¼ 31/17,086). In
addition, the mean maternal age was 29.2 years, ranging from 15 to
38 years. Among them, 29 cases were singletons (93.5%) and two
cases were twins (6.5%). Both pairs of twins had only one SUA fetus,
and the other twinwas normal. On average, the mean fetal age was
30.0 weeks of gestation (range, 18e36 weeks). The earliest diag-
nosis of SUAwasmade at 18weeks' gestation. Four cases (13%) were
diagnosed at or before 20 weeks' gestation, 10 cases (32%) at 21e24
weeks' gestation,12 cases (39%) at 25e28weeks, and the remaining
ﬁve cases (16%) after 28 weeks' gestation (Table 1).
The left UA was absent in 16 of 33 (52%) fetuses and the right
artery was absent in 15 of 33 (48%) fetuses. In this series, the
absence of UA appears to occur equally at each side when statisti-
cally examined. In other words, no signiﬁcant difference can be
observed in the incidence of either side in Taiwanese SUA fetuses.
In total, congenital associated anomalies were discovered in 5/
31 (16%) fetuses during the prenatal examination. In cases with left-
absent UA, two of 16 (13%) cases had structural abnormalities. In-
trauterine growth restriction (IUGR) and ventricular septal defectFig. 2. (A) Cross-sectional view of a normal, three-vessel umbilical cord demonstrates
the umbilical vein and two smaller umbilical arteries in normal pregnancy. (B) Cross-
sectional view of an umbilical cord with single umbilical artery (SUA) demonstrates
two vessels in the umbilical cord. The larger one is the umbilical vein and the smaller
one is the SUA. Notably, it is impossible to determine which side of the UA is missing
from this view.
Fig. 3. (A) Longitudinal view of high-deﬁnition (HD) Doppler imaging illustrating the
three-vessel umbilical cord in normal pregnancy. (B) Longitudinal view of HD Doppler
imaging depicting the two-vessel umbilical cord in single umbilical artery. Notably, it is
impossible to determine which side of the umbilical artery is missing from this view.
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plexus cyst and endocardial cushion defect. By contrast, in cases
with the right-absent UA, three of 15 (20%) cases had structural or
chromosomal defects. Ultrasonography revealed scoliosis and hand
deformity in one fetus. DandyeWalker syndrome was detected in
another case. The other case had IUGR and mosaic trisomy 22 (13/
40 cells).
Whether associated anomalies diagnosed prenatally are related
to the side ofmissingUA is another issue in this study. Although left-
absent UA (2/16,13%) seemed less than right-absent UA (3/15, 20%),
our results showed no signiﬁcant difference between either side of
missing UA and associated anomalies after statistical examination.Fig. 4. (A) Transverse view of fetal pelvis with color Doppler ﬂow mapping showing
bilateral umbilical arteries around the bladder in normal pregnancy. (B) Transverse
view of fetal pelvis with color Doppler ultrasound illustrating absence of color Doppler
at the unilateral side of the umbilical artery in single umbilical artery. In this case, the
right-side umbilical artery is missing.Discussion
Incidence of SUA
Several reports have estimated the incidence of SUA from 1:500
(0.2%) to 1:50 (2%) [1e11]. The incidence of SUA in live-born infants
was 1:111 (0.9%) in the United States [14]. By contrast, the incidence
of SUA in live-born infants was 1:200 (0.5%) in Sweden [3].Considering ethnic factors, the incidence of SUA in live-born infants
was 1:83 (1.2%) in white Americans, and the incidence of SUA in
live-born infants was 1:200 (0.5%) in black Americans [14]. To date,
the incidence of SUA in Taiwan was not available in the medical
literature yet. To the best of our knowledge, our series is the ﬁrst
report of SUA incidence in Taiwan. In this series, the incidence of
SUA was estimated to be 1:556 (0.18%) in Taiwanese fetuses. In
comparison by regions, the incidence of SUA in Taiwan was lower
than the reported incidences in the medical literature worldwide
[1e11]. Moreover, in comparison by races, the incidence of SUA in
Taiwanese fetuses was lower than those in white and black
Americans [3,14]. The reason why the incidence in Taiwan was the
lowest in the reported series worldwide is still unknown. Further
studies by international collaborations are needed to investigate
the real incidence of SUA.Prenatal diagnosis of SUA
Prenatal diagnosis of SUA is more common in second and third
trimesters of pregnancy than in ﬁrst trimester [8]. In our study, the
Table 1
Prenatal diagnosis of single umbilical artery.
Case Maternal age (y) Diagnosis GA (wk) BPD (cm) AC (cm) FL (cm) EFW (g) Absent side Associated anomalies
1 30 31 7.7 27.2 5.8 1714 Left d
2 26 20 4.9 16.3 3.3 531 Right d
3 36 28 7.3 25.1 4.7 1416 Left d
4 28 28 6.9 21.5 4.9 1084 Right d
5 27 23 5.7 18.8 3.9 719 Left d
6 20 25 6.0 19.6 4.4 801 Right d
7 28 26 6.5 22.1 4.6 1017 Right d
8 28 27 6.7 21.0 5.1 1012 Left d
9 28 28 7.0 20.7 4.6 1070 Right DandyeWalker syndrome
10 28 30 7.6 21.8 5.4 1297 Left d
11 29 36 7.7 25.9 5.8 1609 Left IUGR, VSD
12 35 27 7.0 22.8 5.0 1178 Right d
13 35 19 4.9 14.3 3.0 487 Left d
14 38 21 4.5 13.8 2.9 435 Right IUGR, trisomy 22 (mosaic)
15 37 23 5.9 18.2 4.0 733 Right Scoliosis and hand deformity
16 34 23 5.1 16.5 3.6 561 Right d
17 28 36 8.1 26.7 5.5 1823 Right d
18 26 25 6.6 18.2 4.5 867 Left d
19a 30 18 4.0 12.7 2.6 437 Left ECD, CPC, situs inversus
20 32 21 4.9 14.9 3.3 500 Left d
21 26 29 7.1 23.6 5.4 1252 Left d
22 26 22 5.5 17.6 3.7 648 Right d
23 26 20 5.1 15.9 3.3 546 Left d
24 31 26 6.6 22.5 4.7 1057 Left d
25 23 26 6.5 22.1 4.5 1017 Right d
26 30 26 6.4 21.5 4.4 964 Left d
27 36 22 5.5 17.9 3.9 657 Left d
28 27 21 4.9 16.2 3.2 527 Left d
29 30 21 5.5 16.8 3.8 625 Right d
30a 31 21 5.0 16.6 3.5 572 Right d
31 15 27 6.7 21.8 4.7 1050 Right d
AC ¼ abdominal circumference; BPD ¼ biparietal diameter; CPC ¼ choroid plexus cyst; ECD ¼ endocardial cushion defect; EFW ¼ estimated fetal weight; FL ¼ femur length;
GA ¼ gestational age; IUGR ¼ intrauterine growth restriction; VSD ¼ ventricular septal defect.
a Cases 19 and 30: One of twin pregnancy had single umbilical artery.
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cases (13%) were diagnosed at or before 20 weeks' gestation, 10
cases (32%) at 21e24 weeks' gestation, 12 cases (39%) at 25e28
weeks, and the remaining ﬁve cases (16%) after 28 weeks' gestation
(Table 1). Persutte and Hobbins pointed out that a high false-
negative rate may occur before 20 weeks [8]. In our studies, we
considered it is relatively difﬁcult to detect SUA using real-time
ultrasound alone before 20 weeks' gestation. As shown in
Figs. 2e4, the longitudinal view is of little value in diagnosing SUA.
The cross-sectional view is of value in diagnosing SUA only when
the diameter of SUA is depicted clearly. When the diameter of SUA
is too small to be detected in utero, it is one of the reasons why a
high false-negative rate may occur before 20 weeks. However, with
the advancement of color, power, and/or HD Doppler, prenatal
diagnosis before 20 weeks may become feasible. As illustrated in
Table 1, four cases (13%) were diagnosed at or before 20 weeks'
gestation in our study with the assistance of color, power, and/or
HD Doppler ultrasound.
Previously, some parameters were proposed to make it easier to
detect SUA, including an umbilical vein to umbilical diameter ratio
[15], a transverse UA diameter [16], and the ratio of systolic to
diastolic Doppler ﬂow velocities [16]. However, in our previous
report, these markers seemed to be of limited value [17]. From this
series, we found that the perivesical view of bilateral umbilical
arteries by color, power, and/or HD Doppler ultrasound is manda-
tory in the prenatal diagnosis of SUA and in the determination of
which side of artery is missing.
Which side is absent in SUA?
In 1995, Abuhamad and co-workers in USA [9] ﬁrst raised the
question: “Does it matter which artery is missing in SUA?” Theyreported that the left-side absent SUA was more common than the
right-side absent SUA (left 73% vs. right 27%). By contrast, in 1997,
Blazer and co-workers in Israel [13] reported that the left-side
absent SUA was a little bit more common than the right-side ab-
sent SUA (left 54% vs. right 46%). However, in 2000, Geipel and co-
workers in Germany [10] stated that the absence of left artery is
more frequent than the absence of the right artery (left 70% vs. right
30%) and favored the ﬁnding by Abuhamad and co-workers [9].
Nevertheless, in 2007, Lubusky and co-workers in Czech Republic
[11] found that the absence of the left artery is slightly more
frequent than the absence of the right artery (left 59% vs. right 41%).
In the medical literature, which side absent in SUA has never been
studied in Taiwan. To the best of our knowledge, our series is the
ﬁrst report on which side is missing in SUA in Taiwan. We found no
signiﬁcant difference in the incidence of either side in Taiwanese
SUA fetuses (left 52% vs. right 48%). Our ﬁnding supported the
ﬁndings in Israel [13] and Czech Republic [11], but not the reports in
USA [9] and Germany [10]. The reason why there are differences in
various regions is still unknown. Therefore, further studies are
warranted.
Associated anomalies with SUA
SUA may be an isolated ﬁnding or combined with a variety of
structural anomalies, ranging from 7% to 26% [9,11e13,15]. In our
series, cardiovascular malformations were the most common
additional anomalies. Subsequent fetal echocardiography is indi-
cated in cases of SUA. The increased incidence of SUA with chro-
mosomal disorders has been also reported, especially in cases with
additional malformation [10,11]. Trisomy 18 is the most common
aneuploidy associated with SUA [11]. The next most common types
of aneuploidy associated with SUA are trisomy 13 and trisomy 21
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trisomy 22. For pregnancies with isolated SUA, our study supported
that chromosomal analysis by invasive procedures (such as chori-
onic villus sampling or amniocentesis) is necessary.
Associated anomalies with the side missing in SUA
Of interest, Abuhamad and co-workers in USA [9] ﬁrst pointed
out that aneuploidy and complex fetal anomalies occurred exclu-
sively in the fetuses with absence of the left UA. On the contrary,
Blazer and co-workers in Israel [13] reported that no correlation
was found between the type and severity of the malformation and
the missing side of SUA. Geipel and co-workers in Germany [10]
found that the association with additional malformation seems to
be equal on each side. Lubusky and co-workers in Czech [11] stated
that the association with fetal abnormalities seems to be equal on
either side. From our studies on associated anomalies with missing
side in SUA, although left-absent UA (13%) seemed to be less than
right-absent UA (20%), the results showed no signiﬁcant difference
between either side of missing UA and associated anomalies after
statistical examination. In other words, our results supported the
ﬁndings in Czech, Israel, and Germany [10,11,13], and are contra-
dictory to the results in USA [9].
Conclusion
From our series, the absence of UA appears to occur equally on
each side. Associated congenital abnormalities were also detected
equally on each side. Fetal echocardiography should be arranged for
cases with SUA. Genetic counseling should be advised to parents of
SUA fetuses, especially those with additional congenital anomalies.
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